Is proBNP a Reliable Marker for the Evaluation of Fluid Load

in Patients Undergoing Continuous Renal Replacement Therapy?

Overhidration and pro-BNP

Seher Erdogan, Arzu Oto, Mehmet Bosnak

Department of Pediatric Critical Care, Gaziantep University Faculty of Medicine, Gaziantep, Turkey

Ozet

Amag: Pro-B tipi natritiretik peptid (Pro-BNP), hemodiyaliz hastalarinda vo-
lim markeri olarak tanimlanmistir. Bu calismayr yapmaktaki amacimiz;
overhydration nedeniyle continue renal replasman therapy (CRRT) uygula-
nan hastalarda, serum pro-BNP degerinin sivi yiikiini belirlemedeki roltni
degerlendirmektir. Gereg ve Yontem: 3.diizey 7 yatakli Cocuk Yogun Bakim
Unitesine yatan, overhydration nedeniyle CRRT uygulanan hastalar ¢alisma
calismaya alindi. Bulgular: Calisma; 15'i kiz (%53.6), 13’ erkek (%46.4) top-
lam 28 hasta ile yapildi. Ortalama yaslari 61.46+56.13 ay (min.2 - max.183 ),
CRRT uygulama siiresi ortalama 20.8+14.9 saat (min.5, max.60), cekilen sivi
yiizdesi ise ortalama %8.43 + 4.51'di (min.2.5, max.20) idi. CRRT islemi has-
talarin 12’sine(%42.9) sivi yiki, 16’sina(%57.1) sivi yiikii ve eslik eden ire-
mi nedeniyle uygulandi. Hastalarin baslangig ve bitis viicut agirhg, ire, kre-
atin degerleri arasinda istatistiksel olarak anlamli bir fark saptandi(p:0.001).
CRRT baslamadan hemen 6nce bakilan ortalama proBNP 23.306 + 13.943
pg/ml, CRRT bitiminde bakilan ortalama proBNP 22.178 + 15.473 pg/ml bu-
lundu. Baslangi¢ Pro-BNP ile bitis Pro-BNP diizeyleri arasinda anlamli bir fark
saptanmadi(p:0.756). Hastalarin bitis Pro-BNP degerleri ile bitis viicut agir-
lig1, Ure, kreatin, sodyum arasinda da, serum sodyum diizeyi disinda bir ko-
relasyon yoktu(p>0.05). ). Benzer sekilde baslangi¢ Pro-BNP degerleri ile sivi
yuki arasinda (p:0.602) ve cekilen sivi yiizdesi ile bitis pro-BNP degerleri ara-
sinda (p:0.155) da korelasyon yoktu. Tartisma: Sivi yiikii nedeniyle CVVHDF
uygulanan hastalarin, sivi yiikleri ile baslangic pro-BNP degerleri arasinda ve
uygulama bitiminde ¢ekilen sivi yiizdesi ile bitis pro-BNP degerleri arasinda
iliski saptanmadi. Biriken sivi yiikii ve ¢ekilen sivi miktarini degerlendirmede
uygun bir belirte¢ olmadigi sonucuna varildi.
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Abstract

Aim: Pro-B type natriuretic peptide (proBNP) has been defined as a volume
marker in hemodialysis patients. In the present study we aimed to evaluate
the role of serum proBNP levels to indicate fluid load in patients undergoing
continuous renal replacement therapy (CRRT) due to overhydration. Material
and Method: Patients who were admitted to a tertiary 7-bed pediatric inten-
sive care unit and underwent CRRT due to overhydration were included in the
study. Results: The study was conducted with 15 girls (53.6%) and 13 boys
(46.4%). The mean age was 61.46+56.13 months (range, 2-183 months); the
mean CRRT administration time was 20.8+14.9 hours (range, 5-60 hours);
and the mean percentage of fluid extracted from the body was 8.43 + 4.51%
(range, 2.5-20%). CRRT was administered to 12 patients because of fluid
overload (42.9%) and to 12 (57.1%) because of fluid load accompanied by
uremia.. There was a statistically significant difference between body weight,
urea, and creatinine levels of patients before and after treatment (p= 0.001).
The mean proBNP level was 23.306 + 13.943 pg/mL immediately before
CRRT and the mean proBNP after CRRT was 22.178 + 15.473 pg/mL. There
was no statistically significant difference between the initial and final proB-
NP levels (p= 0.756). With the exception of serum sodium levels, there was
no correlation between the final proBNP levels and body weight, urea, and
creatinine (p>0.05). Similarly, there was also no correlation between initial
proBNP levels and fluid load (p= 0.602) or between the percentage of ex-
tracted fluid and final proBNP levels (p= 0.155). Discussion: There was no
significant correlation between the fluid load and initial proBNP levels or with
the extracted fluid percentage and final proBNP levels in patients undergoing
CRRT because of fluid overload.In conclusion, no appropriate marker was
determined to evaluate cumulative fluid load and the extracted liquid volume.
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Introduction

B-type natriuretic peptide (BNP) levels have been frequently
used for the evaluation of the prognosis and treatment out-
comes of heart failure among adults. However, studies related
to the use of natriuretic peptides and their particular impor-
tance among children and adolescents have recently been initi-
ated [1, 2].

BNP is a neurohormone that consists of 32 aminoacids and
is mostly synthesized from the ventricules. To a lesser extent,
BNP is synthesized in the brain and the atria. Prepro-BNP, which
consists of 108 aminoacids, is synthesized first and then trans-
forms to proBNP, also with 108 aminoacids. proBNP decom-
poses into active BNP and N-terminal proBNP (NT-proBNP) by
proteolysis. There is a pulsatile release of BNP and NT-proBNP
to the circulation from myocytes with the contraction of the
ventricules and

with pressure. Some BNP and NT-proBNP are released from the
perimyocardial region. The half-life of BNP is approximately 20
minutes and the half-life of NT-proBNP is approximately 120
minutes. proBNP is not stored in granules as in proANP; proBNP
is always released to blood during ventricular relaxation. Na-
triuretic peptides cause diuresis and natriuresis by increasing
glomerular filtration and by decreasing sodium reabsorption in
kidneys [3-5].

In 2009, Nir et al.[6] composed the broadest series to date
by bringing together four studies in which NT-proBNP levels
among healthy infants and children were measured using the
same method. According to this series, the NT-proBNP level
was very high after birth and decreased after a few days. The
gradual decrease continued between the ages of 1 month and
18 years.

The aim of the study was to evaluate the role of serum proBNP
levels in the identification of fluid load in patients who under-
went CRRT because of overhydration.

Material and Method

Patients aged 1 month to 17 years who were admitted to the
Pediatric Intensive Care Unit of Gaziantep Faculty of Medicine
between June 2014 and June 2015 and who had undergone
CRRT because of overhydration were included in the study. The
study was approved by the local ethics committee. Age, sex,
diagnosis, body weight, and period of CRRT administration, se-
rum urea, creatinine(CRE), sodium(Na), and proBNP levels of the
patients before and after CRRT were recorded. Mortality risk
was calculated using the online Pediatric Index of Mortality I
(PIM 11) (http://www.sfar.org/scores 2/pim22.php), PRISM (Pedi-
atric Risk of Mortality)

(http//www.sfar.org/scores 2/prism2.php) and Pediatric Logis-
tic Organ Dysfunction (PELOD) (http://www.sfar.org/scores 2/
PELOD2.php).

Serum biochemical samples were studied using a standard bio-
chemical analyzer (Hitachi 902 Automatic Analyzer, Roche Di-
agnostics, Germany). ProBNP measurements were performed
using the Elecsys proBNP Il kit with electrochemiluminescence.
The measurement range was between 5-35000 pg/mL. The
most appropriate threshold value was identified as 125 pg/mL.
Hemodiafiltration was performed using bicarbonated dialysate
with prismaflex(Gambro, Lund,Sweden) and polysulfone mem-

brane filters. The fluid load percentage of the patients was
calculated at the beginning of the CRRT to identify the fluid
balance with the formula: Percentage fluid load = (Total fluid
intake in 24 hours - total fluid loss in 24 hours / patient’s weight
in the intensive care unit) x 100. Ultrafiltration speed (cc/kg/
hour) was calculated with the following formula: amount of ex-
tracted fluid (ultrafiltration+ urine) — amount of fluid intake.

Statistical Evaluations

IBM SPSS version 22 (IBM SPSS, Turkey) was used for the sta-
tistical analyses. Conformity of the parameters to normal dis-
tribution was evaluated using the Shapiro-Wilk test. Data were
analyzed using descriptive statistical methods (mean, standard
deviation, and frequency) alongside the paired sample t-test
for initial and final parameters that showed normal distribu-
tion, and Wilcoxon’s signed-rank test for evaluating parameters
without normal distribution. Spearman’s Rho test was used to
calculate relations between the parameters. Significance was
considered as p<0.05.

Results

A total of 28 patients, 15 girls (53.6%) and 13 boys (46.4%) who
were administered CRRT between June 2014 and June 2015
were included in the study. The mean age was 61.46+56.13
months (range, 2-183 months), and mean body weight was
17.27+11.99 kg (range, 5-64 kg). Twelve patients (42.9%) were
monitored because of chronic renal disease. Fluid overload was
observed in all patients who were administered CRRT (range,
2.5-25%, mean 11.23+6.88%).

The mean CRRT administration period was 20.8+14.9 hours
(range, 5-60 hours), and the mean percentage of extracted fluid
was 8.43+4.51% (range, 2.5-20%). Anticoagulation was used
in 18 (64.3%) administrations. CRRT was administered to 12
patients (42.9%) because of fluid overload and to16 (57.1) pa-
tients because of fluid overload and uremia. The patients’ mean
PIM score was found to be 34.64+17.91 and the mean

PRISM score was 21.30+9.04. The mean PELOD score was
measured as 21.36+7.55.

There was a statistically significant difference between body
weight, urea, and creatinine levels of the patients before and
after CRRT (p= 0.001); however, no significant difference was
detected between the initial and final proBNP levels (p= 0.756)
(Table 1).

There was no correlation between initial proBNP levels and
urea, creatinine, body weight, and Na levels (p>0.05) (Table 2).
With the exception of serum sodium levels, there was no corre-
lation between final proBNP levels and final body weight, urea,

Table 1. Comparison of patients initial and final parameters

Initial Final P
Mean+SS (Median) Meanz+SS (Median)
Body weight(kg) 18.22+12.01 17.14£11.94 '0.001**
Urea(mg/dL) 140.86+84.07 55.79+34.68 '0.001**
Na(mmol/L) 138.46+8.43 137.07+5.35 '0.365
proBNP(pg/mL) 23306.21+13943.95 22178.07+15473.68 20.756
(34500) (34000)
Cre(mg/dL) 2.91+3.11 (1.35) 1.21+1.65 (0.65) 20.001**

'Paired sample t-test ?Wilcoxon signed-rank test **p<0.01
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Table 2. Evaluation of correlations between initial proBNP levels and other pa-
rameters

Initial proBNP
r

Fluid load -0.103

Initial body weight 0.039

Initial urea 0.151

Initial CRE 0.186

Initial Na 0.204

Spearman’s Rho Test

and creatinine (p>0.05). There was a statistically significant
relation between final proBNP and final Na levels at 37.9% (r=
0.379, p= 0.049) (Table 3).

Table 3. Evaluation of correlations between final proBNP levels and other pa-
rameters

Final proBNP
r

Extracted fluid (%) 0.281

Final body weight 0.016

Final urea 0.139

Final Cre 0.261

Final Na 0.379

Spearman’s Rho Test *p<0.05

The mean proBNP measured just before CRRT was
23.306+13.943 pg/mL and the mean proBNP after CRRT was
22.178+15.473 pg/mL. There was no statistically significant
difference between the initial and final proBNP levels (p= 0.756).
Similarly, there was no correlation between initial proBNP lev-
els and fluid load (p= 0.602), and no correlation was identified
between the extracted fluid percentage and final proBNP levels
(p= 0.155).

Discussion

The reported non-invasive methods used to identify the blood
volume in circulation are measuring the diameter of the inferior
vena cava (IVC) and the diameter of the left atrium using bio-
impedance spectroscopy [7]. Although there is a consensus that
NT-proBNP is a constant marker of ventricular dysfunction, it is
hard to say that there is a direct relation between NT-proBNP
levels and volume load because of the differences between the
results of the studies.

In 2008, Bargnoux et al.[8] identified 39%, 59%, and 36% de-
creased levels of BNP, NT-proBNP, and proBNP, respectively,
compared with baseline after dialysis in 31 hemodialysis pa-
tients. However, they also indicated that the decrease was not
correlated with the decrease in the extracted fluid and body
weight. Although there was no significant difference between
the body weights before and after dialysis in our study, we ob-
served no significant differences between the proBNP levels.

In an article published in 2014, there were significant decreases
in the rates of overhydration/extracellular fluid and systolic and
diastolic blood pressure (SBP and DBP) and on the NT-proBNP
level after hemodialysis. Pre- and post-HD, SBP, DBP, LVMI (left
ventricular mass index), and NT-proBNP levels were higher in
overhydrated patients compared with patients who were not
overhydrated [9].

Leowattana et al[10] indicated that NT-proBNP levels were
higher among chronic hemodialysis patients and emphasized
that a specific cut-off value must be determined for these pa-
tients.

Anderson et al. [11] reported that higher levels of ANP and
NT-proBNP were found among 20 patients with nephrotic syn-
drome during an attack compared with the remission group.

In a study conducted with 94 hemodialysis patients by Racek
et al[12] both BNP and NT-proBNP were reported to be high;
after hemodialysis there was a significant decrease in BNP lev-
els, whereas there was a significant increase in NT-proBNP. The
authors reported that the changes that developed in both pep-
tides during hemodialysis were due to the membrane type of
the dialysis filter. In our study, we used the same type of filter
and hemodialyis module for all patients.

Many studies have been conducted to identify the role of serum
BNP levels in the prognosis of adult patients who undergo he-
modialysis. Sun et al.[13] reported in their 2-year study of 217
patients that BNP and NT-proBNP had higher sensitivity and
specificity for cardiovascular events, and that NT-proBNP was
a better marker than BNP for mortality. In their multicentered
study with 753 patients, Paniagua et al.[14] concluded that
NT-proBNP was a good marker for mortality, independent of
fluid load and dialysis modality. The authors stated that NT-
proBNP was a good marker for prognosis because its half-life
was longer and provided more accurate results as an index of
ventricular stress. In a similar way, Naganuma reported that for
determining the risk of cardiac death in patients undergoing
hemodialysis, high level plasma concentration of BNP was a
useful parameter independent of factors, such as left ventricu-
lar ejection fraction (LVEF), left ventricular mass index (LVMI),
age, serum albumin, and C-reactive protein (CRP) [15]. In anoth-
er study conducted in 2002, the level of BNP was determined as
the only independent marker of sudden death after 3 years of
follow-up of 452 patients with EF 35% and below [16]. We did
not investigate the relation between proBNP level and mortality
in our study.

Sheen et al[17] reported no correlation between intradialitic
BNP levels and body weight, median systolic blood pressure,
and median diastolic blood pressure, but that patients with sys-
tolic dysfunction had the highest BNP values. In another study
in which indicators of volume were analyzed using bioelectronic
impedance, inferior vena cava ultrasound, and serum NT-proB-
NP levels, outcomes were not related to the fluid volume [18].
Another study conducted in 2003 reported that BNP levels had
limited value for the evaluation of overhydration in HD patients
[19].

Lee et al.[20] investigated NT-proBNP level, extracellular fluid
(ECW9%), and left ventricular dysfunction in patients who had
undergone continuous ambulatory peritoneum dialysis (CAPD).
The authors reported that they found no relation between se-
rum NT-proBNP concentration with ECW%, and that NT-proB-
NP was not a good marker to determine fluid levels in patients
undergoing CAPD, but that it could be used to evaluate for LV
hypertrophy and LV dysfunction. They suggested that the in-
crease in NT-proBNP in patients undergoing CAPD might be
due to a response to chronic stimulation as a consequence of
increased cardiomyocyte contraction and not solely as a conse-
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quence of increased extracellular fluid. Indeed, Lang et al.[21]
identified that the loading of IV saline resulted in an increase
in ANP levels but that the increase in BNP was not significant.

There was no significant relation between the fluid loads and
initial proBNP levels or between the percentage of the ex-
tracted fluid load and final proBNP levels in patients who had
undergone CRRT because of fluid overload. As a consequence,
proBNP was not considered to be an appropriate marker for the
evaluation of accumulated fluid load or the volume of extracted
fluid. Different markers are required for the evaluation of fluid
load in critical pediatric patients.
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